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ABSTRACT 


This  Report  is  the  Final  Engineering  Report  covering  work 
completed  on  the  IGOR  Shelter  under  Contract  AF  08 (606 J-1212 „ 
Tata  and  Calculations  are  included  to  indicate  the  completed 
shelters  conform  to  the  design  requirements  as  set  forth  in 
the  Technical  Exhibit  No.  SE/862-571B. 


PART  I 


1.  PURPOSE. 

The  purpose  of  this  contract  was  to  design,  develop,  and 
fabricate  aix  (6)  IGOR  Shelters  in  accordance  with  Technical 
Exhibit  SE/862-571B,  dated  Hay  23,  1956.  The  IGOR  Shelter 
consists  cf  the  following  parts: 

A.  A  Circular  Base  Section 
Bo  An  Upper  Rotating  Section 

C.  A  Power  Drive  Unit  for  controlling  and  rotating  the 
Upper  Rotating  Section. 

2.  GENERAL  FACTUAL  DATA. 

2.1.  Identification  of  Engineers  and  Technicians. 

2.1.1.  Chief  Engineer.  Hr.  T.  C.  Burnette,  Jr.,  had  responsi¬ 
bility  for  the  basic  design  of  the  IGOR  Shelter. 

2.1.2.  Project  Engineer.  Hr,  C,  C.  Culler  had  responsibility 
for  the  developmental  design. 

2.1.3.  Administrator,  Mr.  John  L.  Nichols  had  responsibility 
for  administrative  work  after  December,  1956. 

2.1.4.  Manufacture  and  fabrication  was  carried  out  at  the 
Murfreesboro,  Tennessee,  plant  of  the  Alfred  Hofmann  ft 
Co,,  of  Nest  New  York,  New  Jersey.  Mr.  V.  E.  Fortuna, 
of  the  Alfred  Hofmann  company,  had  responsibility  for 
this  work. 

2.1.5.  Design  Engineer.  Hr.  Pat  Ingolse  had  responsibility  for 
detail  drawings. 

2.1.6.  Electronic  Engineer.  Hr.  W.  R.  peck  had  responsibility 
for  the  servo  drive. 
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2.1.7^-  8«s*MUT  of  wdrk  effort.  Mr.  T.  C.  Barnette,  Jr0,  left 

-v  >  \t 

'  ^4,  Contractor' *•  eaploy  aa  of  January  1,  1957,  and 

•  ,  ■  *, r 

John  L.  Ficholfl  took  over  the  administrative  duties. 

J  TheAtfrad  flofmann  company  completed  and  shipped  the  first 
three -iholtevo  by  April  3,  1957,  and  the  remaining  three 

i  1*  **- 
•  *:  *..#  ^ 

.*  shelter*  were  completed  and  ready  for  inspection  on 
A||fcil^  .2&  1957*  They  were  accepted  by  the  Technical 
*■'  Representative  of  the  Contracting  Officer  on  July  12,  1957, 
}  ataft  shipped  on.  July  19,  1957 » 

2.2*  Pattoto. 

2.2.1.  The  Power  Drive  Unit  for  controlling  end  rotating  the 
Upp er  Rotating  Section  is  identical  electronically  to 
the  power  drive  unite  supplied  with  Oerlikon  proprietary 

rotating  domea.  A  patent  application.  Serial  Mo,  519,390, 

^  $  : 

filed  July  1,  1955,  with  the  assigned  name, "Thyratron 
Control  System, "  cover*  the  electronic  circuitry  in  the 
Power  Drive  Unit. 

3.  DETAIL  PACTUAL  DATA. 

9.1.  Preliminary  Dooltpi. 

The  preliminary  design  was  approved  by  the  Contracting 
Officer  in  July,  1956. 

s.2.  FiflaL 

8.2.1.  Circular  Base  Section.  The  fina?  design  of  the  Circular 
Base  Section  was  completed  in  September.  The  actual 
construction  details  of  importance  are  as  followj  ‘ 

A,  Circular  Baoe  Section  was  built  as  an  integral  unit, 
aa  it  was  possible  to  ship  it  to  Patrick  Air  Fore® 

Base  as  a  single  unit. 
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Best  Available  Co! 


9.  The  Circular  Base  Section  has  a  rolled  3"  x  2^r"  x  3/8" 
aluminum  angle  forming  a  circular  track  on  which  the 
Upper  Rotating  Section  rotates.  Twelve  (12)  verti¬ 
cal  supports  of  3"  x  l/4"  Zee  aluoinum  channel  support 
the  circular  track  and  provide  mounting  surfaces  for 
the  aluminu»  skin  which  forms  the  inside  and  outside 
vertical  surfaces  of  the  circular  Base  Section. 

Aerocor  Pibreglas  insulation,  with  a  nominal  thick¬ 
ness  of  3",  placed  between  the  aluminum  skins  provides 
the  required  thermal  insulation. 

C.  The  Circular  Base  Section  has  an  annex  approximately 
5  l/4  feet  wide  and  2  l/2  feet  deep,  which  encloses 
the  Power  Drive  Unit.  An  access  door,  about  42"  wide, 
is  provided  in  the  Circular  Baso  Section.  The  Circu¬ 
lar  Base  Section  can  be  mounted  to  the  tower  by  using 
the  eight  (8)  1"  diametor  bolt  holes  equally  spaced 
on  a  13  ft.  5  In.  diameter  circle.  Vetal  shims 
should  be  placed  under  each  vertical  support  during 
installation  as  required  to  level  the  circular  track. 

3.2,2.  Upper  Rotating  Section.  The  final  design  of  the  Upper 

Rotating  Section  and  its  associated  parts  was  completed  in 
October;  however,  numerous  changes  wore  made  as  required  for 
optimum  performance  as  thu  Vo.  1  Shelter  was  being  assembled. 
The  last  of  these  changes  was  made  in  February,  1957.  The 
construction  details  of  importance  follow; 

A.  The  structural  shape  of  the  Upper  Rotating  Section  was 
fixed  by  rolled  1  3/4"  x  3"  x  1  f\\"  aluminum  rectangular 
'l  ul>  l  n  g  fonoid  and  welded  in  the  desired  shape  an  d 
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location.  The  shape  I  surfaces  of  the  Upper  Rotating 
Section  are  of  a  sandwich  construction  consisting  cf 
three  inches  of  pow  Styrofoam  #33  bonded  between  an 
outside  and  an  inside  layer  of  fiberglass.  The  fiber¬ 
glass  layers  are  also  bonded  to  the  rectangular  tubing 
producing  a  unified  structure. 

B.  The  primary  support  member  of  the  Upper  Rotating  Section 
is  the  guide  and  support  ring  assembly.  The  guide 

ring  is  a  rolled  3/8"  x  10"  aluminum  plate  welded  to 
the  support  ring  which  is  a  rolled  3  l/2"  x  2  l/2"  x  l/4" 
aluminum  angle.  The  six  (6)  support  rollers,  the  six  (6) 
lockdown  rollers,  and  the  six  (6)  counter-rollers,  and 
the  six  (6)  positioning  rollers  are  mounted  upon  the 
guide  ring. 

C.  There  is  a  large  viewing  aperture,  about  6  l/2  ft.  wide 
and  having  a  105°  arc,  with  two  removable  doors  in  the 
Upper  Rotating  Section.  The  lower,  smaller  door  can 
ride  piggy-back  on  the  upper,  larger  door.  The  upper, 
larger  door  is  motorized  with  limit  stops  at  the  upper 
and  lower  limits  of  travel. 

3.2.3.  Power  Drive  Unit.  The  final  design  of  the  Fower  Drive  Unit 
was  completed  in  September,  195G.  The  important  details 
are  as  follow* 

A.  A  roller  chain  is  stretched  around  the  guide  ring 
over  3/8"  spacers  and  is  held  to  the  guide  ring  by 
chain  attachments  located  at  approximately  3  degrees 
around  the  guide  ring.  A  mating  link-belt  sprocket 
has  a  00:1  ratio  with  the  Upper  Rotating  Section.  Due 
to  the  type  of  construction,  the  guide  ring  will  not 
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b«  a  perfect  circle,  and  therefor*  the  sprocket  shaft 
cannot  be  rigidly  fixed,  A  kinematic  type  drive, 
pivoting  about  the  drive  motor  axis,  has  been  provided 
to  allow  the  sprocket  shaft  to  wove  in  and  out  as 
required  by  the  guide  ring.  An  adjustable  sprocket 
counter-roller  has  been  provided  to  roll  against  the 
inside  surface  of  the  guide  ring  to  maintain  the 
sprocket  in  the  roller  chain  at  all  times, 

B«  The  drive  motor  is  a  3/4  horsepower  D,C,  motor  with 
a  rated  speed  of  1200  rpm.  With  the  gear  ratios  as 
provided,  the  dome  will  Rotate  at  least  25  degrees/second 
and  will  track  up  to  at  least  20  degrees/second.  The 
shelter  synchro  control  transformer  is  geared  to  the 
sprocket  shaft  to  turn  at  exactly  a  1:1  ratio  to  tho 
shelter.  This  synchro  is  a  Doelcam  23CT6  and  mates 
with  a  Doelcam  23CX6  to  bo  mounted  in  the  IGOR  instrument. 

C.  Access  to  the  Power  Drive  Unit  is  provided  through 
tho  inside  annex  cover  plate,  which  is  removable  by 
means  of  Dzus  fasteners.  All  the  electronic  adjust¬ 
ments  can  be  made  at  the  electronic  control  unit  panel 
located  to  the  right  of  the  inside  surface  of  the  annex. 

D.  The  Power  Drive  Unit  requires  only  117  volt,  60  cycles 
per  second,  single  phase  power.  The  single  power  inlet 
supplies  all  the  lights  located  in  the  Circular  Base 
Section,  the  convenience  outlets,  the  Reol-lite,  and 
the  Power  Drive  Unit.  The  power  source  must  be  con¬ 
nected  to  the  inlet  terminals  of  the  fused  switch  box 
in  the  left-hand  corner  of  the  annex  as  viewed  from  in- 


3,3.  Thermal  Properties  of  the  Shelter. 

3.3.1.  Circular  Base  Sictlon  Insulation.  The  contract  called 
for  heat  insulating  lining  to  be  equivalent  to  3"  of 
fiberglass.  Three  inches  of  Aerocor  Fibreglas  were  used 
to  insulate  the  Circular  Base  Section.  In  the  annex,  at 
least  one  inch  of  Aerocor  Fibreglas  was  used  on  all  sur- 
faces,  and  two  inches  were  used  wherever  possible. 

3.3.2.  Upper  Rotating  Section.  The  Dow  Styrofoam  #33  used  in 
the  shelter  has  a  k  factor  slightly  better  than  the  k 
factor  of  fiberglass,  and  thus  the  3  inches  of  Styrofoam 
with  the  fiberglass  bond  has  bettor  insulation  capabili¬ 
ties  than  3  inches  of  fiberglass. 

The  doors  covering  the  viewing  aperture  have  only  two 
inches  of  Aerocor  Fibreglas  with  aluminum  reflector 
surfaces.  Original  design  had  doors  3  inches  thick,  but 
the  weight  of  the  doors  was  excessive,  and  a  compromise 
was  made  between  weight  and  thermal  insulation. 

3.4.  Structural  Data. 

3.4.1.  Exhibit  I  presents  calculations  made  in  January',  1957, 
determining  the  critical  stresses  in  the  IGOR  Shelter  for 
winds  of  130  miles  per  hour  when  the  viewing  aperture  is 
closed  and  for  gusts  of  70  miles  per  hour  when  the  viewing 
aperture  is  open. 

3.5.  Acceptance  Inspection  and  Testing. 

3.5.1.  Exhibit  II  is  the  Acceptance  Inspection  and  Testing  Report 
of  the  AFMTC  Technical  Representative  covering  the  first 
three  shelters.  In  the  acceptance  inspection,  the  require 
ments  of  the  contract,  as  stated  in  the  AFKTC  Technical 
Exhibit  No.  SE/862-571B,  are  compared  to  the  IGOR  Shelters 
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as  supplied.  The  deficiencies  noted  were  eerrestsd  b«f@r# 

shipment  of  the  So.  1,  No.  2,  and  No..  3  shelters.  The 
;  seal  leakage  tests  were  carried  oat  on  these  shelter®  on 
March  5  and  9,  1957,  and  there  was  no  evidence  of  leakage. 

See  Exhibit  III. 

r 

3.5.2.  The  teat  results  of  the  IGOR  Shelters,  as  recorded  in 
Exhibit  II,  determine  the  Power  Drive  tbit  performance. 

This  data  indicated  a  low  acceleration  in  the  counter¬ 
clockwise  direction  of  the  No.  1  shelter. 

3.5.3.  Exhibit  III  summarizes  the  adjustments  and  changes  mad* 
on  the  Mo.  1  Dome  Control  Unit  to  improve  its  performance 
in  the  counter-clockwise  direction.  The  30-degree  step 
inpat  test  indicates  the  performance  is  the  ease  in  both 
directions  after  the  adjustment*  were  made. 

3.5.4.  Exhibit  I?  is  the  test  results  of  the  Power  Drive  Unit 
performance  for  the  No.  4,  No.  5,  and  No.  6  shelter*.  The 
data  for  Shelter  No.  5  indicated  an  acceleration  below  10 
degrees  per  second  per  second. 

Exhibit  Y  is  the  test  results  of  the  Power  Drive  Unit  per¬ 
formance  for  the  No.  5  Shelter,  recorded  the  week  before 
the  shelters  were  shipped. 

8.6.  Motorized  Door. 

3.6.1.  Due  to  the  size  and  weight  of  the  Viewing  Aperture  Door, 
it  was  desirable  to  have  stae  automatic  means  of  raising 
and  lowering  the  door0  A  l/4  horsepower  gear  motor  was 
mounted  at  the  center  of  the  upper  edge  of  the  Viewing 
Aperture  to  move  the  doors  up  or  down  in  response  to  push¬ 
button  controls.  Limit  switches  are  provided  to  stop  the 
doors  at  th«  dasired  extremities  of  travel. 


3.7.  Neoprene  Sheet  Seal. 

3.7.1.  Experience  with  the  first  three  unite  which  were  shipped 


to  Patrick  Air  Force  Base  indicated  that  the  wind  conditions 
existing  there  Bade  the  oil  seal  undesirable.  In  order  to 
effect  a  seal  without  major  changes  being  required,  the 
Neoprene  Sheet  Seal  was  added  at  the  base  of  the  Upper 
Rotating  Section.  This  seal  must  be  manually  raised  for 
operation  and  must  be  manually  lowered  to  seal  the  Shelter 
in  the  stowed  condition.  The  oil  seal  may  or  nay  not  b@ 
used  in  conjunction  with  this  Neoprene  Sheet  Seal,  ss  the 
operating  personnel  so  desire. 

Exhibit  VT  io  the  agreement  defining  the  requirements  for 
the  Neoprene  Sheet  Seal  made  between  Oerlikon  Tool  &  Arms 
Corporation  of  America  and  AFXTC. 
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f  1.  COKCLUSIOHS* 

l.r.  Styrofoam  Flbreelas  Construction. 

Tha.  Styrofoam  Fib  regies  sandwich  type  construction  has  the 
characteristics  desired  for  Astrodome  Shelters.  Its  thermal 
insulation  properties  are  the  best  available.  Its  rigidity 
and  strength  to  weight  ratio  is  high.  Its  fabrication 
process  is  versatile,  permitting  aanv  different  shapes  and 
sixes.  Its  weathering  properties  are  excellent.  Any 
accidental  breaks  in  the  exposed  surfaces  can  b®  easily 
repaired  with  a  minimum  of  equipment. 

1.2.  Kinematic  Action  Power  Drive. 

The  Kinematic  Action  drive  mechanism  presents  some  definite 
advantages  for  driving  Astrodome  Shelters.  Its  basic  pur- 
^  pose  is  to  allow  non-circularity  and  eccentricity  of  the 

f^imting  section  while  maintaining  a  rigid  and  accurate 
gearing  between  the  drive  shaft  and  the  rotating  section. 

The  drive  as  assembled  in  the  IGOR  Shelters  is  protected 
from  the  outside  weather  conditions.  The  friction  level 
of  this  drive  is  quite  low  and  allows  in  and  out  movements 
of  the  sprocket  shaft  of  two  inches. 

1.3.  Rotating  Mass  and  Friction  Level. 

The  rotating  mass  of  the  IGOR  Shelter  is  in  excess  of 
1300  pounds  and  has  a  Wr2  of  54,600  #-ft.2.  The  friction 
level  was  reduced  by  using  stainless  steel-tired  ball  bear¬ 
ing  rollers  *  The  shelters  as  built  with  the  electronically 
controlled  3/4  horsepower  motor  has  an  acceleration-velocity 


product  of  at  least  10  x  26  «  2S0o  Thu@s  this  shelter,  or 
a  shelter  with  Similar  frictloa  levels  aad  rotating  maset 
can  have  this  acceleration-velocity  product  with  the  ssae 
size  drive  aotor*  A  1  l/2  horsepower  *otor  would  give  an 
acoeleration-valioity  product  of  500,  The  desired  velocity- 
acceleration  ratio  can  be  obtained  by  selecting  the  correct 
gear  ratio  between  the  drive  aiotor  and  the  rotating  section. 
The  IGOR  Shelters  as  built  have  a  ratio  of  206 ti  giving  a 
velocity  to  acceleration  ratio  of  2,5s 1. 


EXHIBIT  I 


STRUCTURAL  DATA  OK  IGOR  SHELTER 


1.  DRAG  AND  LIFT  FORCES  ON  IGOR  DOME  AT  130  MPH  AND  70  MPH  WINDS. 

1.1.  Drag  Fore®  Formula. 

Reference  for  all  formula®  Is  Marie’s  MECHANICAL  ENGINEERS’ 
HANDBOOK,  Fifth  Edition,  pp  1468  -  I486. 

Drag  ■  C TuO  V2S 

where*/*  u  air  density  >  2,378  x  10"^  pounds/cubic  foot 
V  ■  wind  volocity  a  130  mph  x  190.6  feet/secOnd 
S  *  surface  area 

1.2.  Drag  coefficient  Cp. 

The  dome  when  stowed  presents  a  surface  which  is  made  up  of 
a  cylinder  and  a  apher®.  Since  the  dome  is  a  closed  volume, 
th®  Reynolds  number  has  an  effect  on  the  drag  coefficient  Cp. 

R  =  Reynolds  #  :  VI 

1  * 

where i  1  -  length  of  object  perpendicular  to  air  flow  in  feet 

Jf  14  ft. 

/t  m  viecosity  of  air 

■  1.21  x  10*°  pounds/foot-second. 

at  130  MPH  wind* 

R  b  (2.378  x  10~3)(190.6)(14)  =  5.24  x  105 
1.21  x  lO’i 

at  70  MPH  wind: 

R  s  (5.24  x  105)(70)  .  2.82  x  105 
*l30 

For  sphere  drag  coefficient  is  about: 

Cn  2  0,4  at  130  MPH  wind 

sphere 

^DSpher«B 


0,5  at  70  KPH  wind 
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For  cylinder  with  length  of  5  diameters  and  its  axis  normal 
to  the  wind  the  drag  coefficient  is» 

CD  V  .8  at  130  XPH  wind 

cylinder 

Cd  *  .8  at  70  XPH  wind 

cylinder 

For  cylinder  with  length  of  1  diameter  and  its  axis  parallel 
with  the  wind  the  drag  coefficient  iai 

CD  $  .91  at  180  XPH  wind 

cylinder 

CD  af  at  70  XPH  wind 

cylinder 

When  the  done  is  in  operation,  the  viewing  ape: turn  will  be 
open.  The  drag  coefficient  will  depend  on  the  location  of 
the  opening  of  the  viewing  aperture  with  reaped!  in  the  wind 
direction.  For  the  case  of  maximum  drag,  the  wind  would  be 
blowing  directly  into  the  opening.  The  drag  coefficient  for 
an  open  hemisphere  facing  the  wind  1st 

Op  z  1.35 

open  hemisphere 

1.3.  Drag  forces. 

1.3.1.  When  the  shelter  is  closed  and  the  axis  of  the  cylindrical 
section  ia  parallel  to  the  wind  direction,  the  surface  is 
a  combination  of  a  sphere  and  a  cylinder,  and  the  surface 
of  the  spherical  portion  iai 

^sphere  -  (6)^  z  56.5  square  feet 

^cylinder  ^  (8»5)2  JZ  "  56.5  -  56.8  square  feet 


An  approximate  drag  coefficient  for  the  combined  surfaces 
will  be  assumed  to  be  as  follows t 


cd  *  L211L 


74.3  =  .657 

TTS73 


g  t.657)(2.378)(190.6)2(113.3)  :  3210  pounds 


1  is  the  force  on  the  upper  rotating  section  when  stowed 
in  130  XPH  wind  whose  direction  is  parallel  to  the  cylindri¬ 
cal  section  axis. 
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1.3.2.  When  the  shelter  is  closed  and  ih®  axle  of  the  cylindrical 

'  qsetion  ie  none*!  to  a  iso  MPH  wind,  i i.«  sm 

m  flenhiNetlon  «f  *  sytind*  I  ♦.»!  am  f «««  «mi  »  .pii.i  i««i 

•art soe. 

Cylindrical  Surface  Area  ■  (6.5)(8.3)  s  55,2  square  feet 


ft  3 

Spherical  Surface  •  2  (r  cos©8d0)(r  cos0  -  §> 


=  2r* 


jsJ-Jil 


eos®  *  8  -  sinsj 

T~  2  ~?J0 


T 

r -/ 


a  2r2  y" 0,869  ♦  JT  -  0.866  ] 

S  r2  /*%  -  .433^ 

"r  (42.25)(.614)  a  25.8  square  feet 

'D  .  (.«)(2,3T»  x  l,0-g)tl«0.«)a<»S.2) 

cylinder  -  2 

-  1001  pounds 


sphere  »  (,4)(2,378  x  10“3) (190.6)2(25.9) 

2 

*  447  peands 


T «  s  1005  ♦  447  «  2350 


1.3.3.  With  the  viewing  sperture  open  and  a  70  MPH  Kind  blowing 
directly  into  the  viewing  aperture,  the  surface  is  sad® 
up  of  an  open  surface  8  l/2  feet  by  6  l/2  feet  and  the 
closed  spherical  surface  of  section  l.S.2. 

Open  Surface  •  55.2  square  feet 


Spherical  Surface  3  25.9  square  feet 

*1,  S^»aX2.,8T9  x  10-«H102.8)3(W.» 

©pen  2 


It#  pounds 


-4- 


^spherical  " 


(.4H2.378  x  l(rS)(102,S)2(26.9) 

2 


1.4. 


US 

The  maxima 

Lift  forces. 


s  129  pounds 
a  1055  pounds 

drag  fore*  Is  8210  pounds. 


1.4.1,  There  ars  no  lift  coefficients  given  which  are  applicable 
to  ths  shelter.  However,  an  upper  Halt  can  be  placed  on 
the  lift  forces  to  be  equal  to  one  half  of  the  drag  force. 

1.4.2.  The  weight  of  the  upper  rotating  section  must  be  subtracted 
from  the  maxima  lift  force  to  obtain  the  net  lift  fore®. 

a  8210  -  1400  r  205  pounds 


net 

2.  STRESSES  IK  THE  COUNTER-ROLLERS  DUE  TO  THE  LIFT  AND  DRAG  FORCES 
OK  THE  IGOR  DONE, 

2.1.  Force  on  counter-rollers  due  to  the  forces  on  the  upper 
rotating  section. 


JtenpiUy  m  nit  lift  fsrs?  will  fen  &ern«  ty  ill  M*  «8»iRt«r« 

w  w,fti(ntss  stsfres-afiisris'ie. 

WtiMt  *«««  18  fiStrftlhtd  by  two  counter-rollers.  Therefore,  we 
assume  that  the  total  net  lift  at  worst  it  borne  equally  by 
four  counter-rollers  Md  that  two  of  these  rollers  are  the 
rollers  which  counteract  the  aowent  due  to  the  drag  forces. 

2.1.1.  Force  on  four  counter-rollers  which  are  assumed  to  bear  th# 
net  lift  force  ia» 

■  205  a  51  pounds 


2.1.2.  The  eentroid  of  the  cylindrical  surface  is  about  4  feet  up 
from  the  base  of  the  upper  rotating  section.  If  the  wind 
pressure  was  equally  distributed  over  the  projected  area, 
then  the  center  of  pressure  would  be  located  approximately 
there.  From  configuration,  w#  know  that  the  maximum  pres¬ 
sures  will  be  experienced  by  the  lower  center  surfaces  where 
the  air  velocities  are  the  lowest,  so  the  pressure  center 
would  be  lower.  Thus  four  feet  is  a  good  assumed  value  for 


5 


the  aonent  a  ins.  The  turning  atatent  of  the  drag  force  is 
them 

Up  a  4  x  8210  u  12,840  pound  fset. 


The  two  active  counter-rollers  will  have  a  Hosent  si's  of 
about  11  feat  for  a  rotation  about  the  lower  rear  edge  of 
the  upper  rotating  section.  The  force  on  each  of  these 
two  rollers  due  to  the  drag  aoaent  is  about 


TO 


(l/2) /j2|840^  s  884  pounds 


2.1.8.  Pore#  on  the  counter-rollers  duo  to  the  lock-down  rollers 
is  estimated  to  bo  about  30  pounds. 


2.1.4.  Total  foroa  on  tho  two  aaxinun  loaded  counter-rollers  ia 
them 


Pq£  :  81  •  584  ♦  30  a  665  pounds 

fji  $troMoo  on  th»  eo«ntor»reUirst 

2,2,1,  CPunter-rollsr  support  shaft  Is  as  sketched  belowi 

•-ri  -  i.i  r+t> 


\ 

\ 


i?  - 
f'  ^ 


(.i tie*,  P/A 


i 


T 


J  r-*i  r\ 

i  /Pc  4'(--  4 . 


ret? 


2.2.2. 


'Si 


U 


-6- 


*5  hearing  stress  is  a  maximum  at  the  l/2  -  13  counting  bolt. 
The  thread  depth  ia  approximately  0.100  inch,  oo  the  working 

area  let 

A  a  (*8  -  ,2)2  ^/4  ■  .0706  square  laches 

Shear  stress  lei 


a  9410  psi 


2.9.3.  The  maximum  tension  stress  will  occur  at  the  inaer  edge  of 
the  one-half  inch  noaiaal  dianeter  portion.  The  Moment  on 
the  shaft  at  that  point' is t 

X  a  <8t8)(l/2)  a  332. B  pound-inches 

The  maximum  tension  stress  is  therefore t 

St*^!^»*2T’00<’  P’1 

2.2.4.  The  Material  used  is  stainless  fctpei  type  304,  which  has  a 
tensile  strength  of  65,000  psi.  This  gives  a  safety  factor 
of  ». 

3.  STRUCTURAL  AID  XECHAXICAL  PROPERTIES  OP  THE  FIBREGLASS- STYROFOAM 
STRUCTURE  USED  IX  THE  UPPER  ROT AT IMG  SECTION. 

8.1.  Xdchanical  Properties  at  77°  F  of  Styrofoam  #33. 

Compressive  Yield  Strength  16  -  38  psi 

Tensile  Strength  66  -  96  psi 

Shear  Strength  80  -  40  psi 

Flexural  Strength  48  -  99  psi 

3.2.  Hechanieal  Properties  of  the  Fibreglass-Styrofoam  structure 
as  used  in  the  upper  rotating  section. 

Compression  Yield  Strength  (compression  normal  to 
the  Fibreglass  surface;  as  tested  33  psi 

Compression  Yield  Strength  (compression  parallel 
to  the  Plbreglaes  surface)  as  tested  89  -  52  psi 

Flexural  Strength  180  psi 

4C  REPRBSEMTATIYE  YALUES  OF  STRESS  IS  THE  UPPER  ROTATING  SECTION 
UWDER  bQABIMG  OpH?  KPH  WINDS. 


4.1 o  Maxis®®  pressure  ©n  doas  surface  (in  of  iacre&s®  over 

atmospheric  pregrure). 


o  i/SpY2  a  9,002878  (190. 6)2 
>'  ,  2 

a  48. i>  po tffi d s/ square  foot 


■JVj,  '!)' 
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This  corresponds  to  eoapression  loading  norsal  to  Fibreglass 
surface,  which  has  a  yield  strength  of  33  pel, 

4ofi«  If  ths  total  fores  acting  on  the  doae  is  considered  to  be 
acting  at  the  front  edge  of  the  upper  rotating  section  and 
that  all  rsotraint  is  considered  acting  at  the  rear  edge  of 
the  upper  rotating  section,  a  Bean  compressive  stress 
(eoapression  parallel  to  ths  Fibreglass  Surface)  can  bs 
calculated  for  ths  aid  cross  ssstion  of  the  doas.  The  area 
of  this  oross  ssotlon  is  as  follows » 

kCB  m  a[(2)(78){^)  ♦  2(80)  ♦  6«J 

%  3  {[lftS  ♦  dO  *  66j  c  868  square  inches 

Stress  ■  8210  k  3,7  psi 

H5iT8 

The  yield  strength  for  this  loading  as  aoasursd  is  39  pel, 

4,3.  In  order  to  calculate  the  flexure  loading  in  ths  dose  the 
problea  aust  be  greatly  simplified,  Sinoe  the  spherical 
shape  is  stronger  than  tbs  cylindrical  shape,  we  shall' 
ass  one  a  cylindrical  cantilever  beaa  with  an  outside  radius 
of  6  1/2  feet  and  a  wall  thickness  of  3  inches,  A  concentrated 
lofad  of  8210  pounds  is  applied  at  a  distance  of  6  feet  from  the 
fixed  end, 

For  the  hsaai 

I  x  1[  fro 4  -  ri4~l  9  7T~  (ro  -  ri)(ro  ♦  ri)  (jo2  ♦  ri^ 

C  4  L  ro  J  (  ro 

-  vt  (3)(153)(8084  ♦  5625)  it  r  (68,900)  in.8 

“  TTHTT  “  X 

The  aaxiaua  aoaent  iss 
Urn  (3210)(72) 

The  aaxiaua  flexure!  stress  isi 

■  * • qtmw1  z  4,H  psi 

The  corresponding  flexural  yield  strength  was  aeasured  ns  180  psi. 

In  the  above  assuatd  conditions,  tha  cylinder  would  have  internal 
support  to  hold  it  In  the  cylindrical  shape.  In  the  actual 
structure,  the  aluminum  saeafoeroc  the  spherical  section,  and  the 
wain  support  plate  tend  to  Maintain  th®  dosse  in  the  unloaded 
shape , 


'.1 

•t 


EXHIBIT  II 


*,  2/25/5? 

ADCS  IHSPECTIOH  *  TEST 


Subject t  IOOR- Astrodome  -  V .A.  02-62016 

Applicable  Docunantsi  Technical  Exhibit  #9^/062-571B 
!  Contract  AF08(6o6)-J$12 

Contractors  i  OarUkon  Tool  A  Am*  Corp.  of  America  (Haralnaftar  referred 
H  a«  OTA) |  Aahevllle,  N.C. 

Fabrication  BQr  t  '  Alfred  Rdfnann  Co. 

:  Bex  li38  j 
I  Hashville,  Tenn. 

j 

Taat a  conducted  at  Alfred!  Ho  fkiann  Co.  11-15  February  195?. 

r  i 

Personnel  participating  in  tests  or  present  at  Hofmann  daring  inspection 
■ad  teat  period i- 

Rr.  Vincent  Fortune,  Hofeann  Plant  Manager 

Mr.  Valter  Pack,  Engineer,  OTA 

Mr.  John  L.  Mlehole,  Aaat.  to  Prealdeat,  OTA 

Mr.  F.  B.  Tyler,  A.C.O.,  Atlanta  Air  Procurement  Blatrict 

Mr.  0.  B.  Cope,  Engineer,  RCA,  AFMTC  Technical  Representative 

Mr.  X.  OraYea,  Plant  Supt. ,  Production  Control,  Hofmann 

Mr.  V.  A.  Thomberry,  Plant  foreman,  Hofmann 

Prof.  V.  R.  Baker,  Aaaoclata  Profaaaor  of  M.E.,  Vanderbilt  UniY. 

Factual  Data:  The  Technical  Exhibit  was  re rl aired  by  Messrs*.  Michola,  Pack, 
Fortune  and  Cope.  A  brief  resume  follows.  The  results  of 
this  review  were  later  discussed  with  Mr.  lyier. 


The  required  radius  of  the  hemispherical  volume  should  be  6'6"  with  center 
5'6*  above  floor  level  sr«d  actually  is  6 '7-1/8*  radian  with  center  5,10~1./j!i<* 
above  floor. 


TKTws 


The  weight  is  estimated  to  be  2,750  pound*  as  compared  to  pemiaaible 
maxl»»  of  2,500  pewnds.  Actual  weighta  will  be  detenalned  at  time  of 
shlpamnt.  The  weight  problem  on  IOOR  towers  Is  not-  critical  and  weight 
in  etxceaa  of  2,500  pounds  is  acceptable. 

3.1.21 

fffA  submitted  stsuctnral  data  which  has  been  reviewed.  The  astrodome 
will  withstand  130  M?H  hurricane  velocity  winds  as  required. 
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khl' 

TKTr. 


rtqttir*d  dom®  aperture  width  if  6 and  checks  cut.  satisfactorily. 
Thi«  aperture  it  to  permit  elevation  tracking  frost  approiimately  -5°  to 

-J.Bj®  te  *91.5®.  tht  isdinicai  rapriaantativa  advised  the  contractor 
that  thie  elswstion  travel  la  acceptable.  The  requirement  that  the 
field  of  vice  of  the  sighting  telescopes  met  not  be  obscured  will 
pemlt  h.S°  dome  lag,  This  item  la  cohered  In  performance  data  for  each 
do***  and  discussed  voder  teat  procedure* . 


p.3.1t 

The  dceie  support  rollers  (6  total)  have  a  stainless  steel  rla  over  a 
phenolic  sleeve  to  Minimi**  vibration.  The  eccentrically  noun tod  lock 
down  rollers  (6  total)  are  rubber  covered  to  prevent  dosage  to  support 
track  surface  during  periods  of  stowage.  The  roller*  (6  total)  beneath 
the  track  to  permit  overturning  are  rt sinless  steel. 


3.1«3»2t 

The  main  dene  door  has  three  pairs  (one  roller  on  eec’n  side  at  top. 
Middle  end  bottom)  of  rollers  which  are  on  an  eccentric  are.  Each  pair 
(such  as  top  pair)  is  operated  from  e  centrally  locally  square  stub 
shaft.  Hand  cranks  are  provided  for  locking  and  unlocking  the  door. 
Similar  eccentric  locks  are  provided  for  the  piggy  beck  door.  Pad 
locks  are  to  be  added  to  the  piggy  back  door  to  prevent  entry  of  unauth¬ 
orised  personnel.  The  door  In  the  base  has  a  tumbler  type  lock. 


.X.W, 

1  reservoir  type  seal  }s  provided  between  the  rotating  dome  end 
▼In  Con  C-50  (Conneamt  Rubber  4  Piss tic •  Co.)  Is  used  as  the 


seal  for  Urn  base  door.  Main  dove  door,  piggy  back  door  and  between 
hh*  piggy  beck  and  Main  dome  doors,  There  are  no  eliding  seals.  In 
addition  a  rubber  flap  is  provided  above  the  seal  on  the  upper  end  of 
the  Main  dome  door.  A  shield  Is  extended  on  each  aids  of  the  main  dome 
door.  A  water  deflector  is  attached  to  the  bottom  of  the  Main  deme  door 
to  prevent  direct  water  spray  hitting  the  seal  between  the  «»<n  and 
Pifty  back  doors.  A  flange  is  provided  above  the  base  door  to  prevent 
direct  water  spray  hitting  the  seal.  These  flanges,  flaps,  etc.  will 
decrease  the  possibilities  of  water  leakage.  Tin  Con  C-50  is  satisfactory 
(see  par.  1.2.3). 


J.l.Ui 


3-1.14*1* 


motor  drive  requirement*  of  this  paragraph  have  been  fulfilled. 
lj.lt 

3Hve  performance  will  be  covered  in  test  data  on  each  astrodcsKs. 
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3.1. li.2t 

requirements  of  this  Derarraph  hare  been  fulfilled  except  for  drive 
•hock  mounting.  The  design  Is  the  asm*  as  that  which  was  approved  by 
RCA  Unite  8850  and  8820.  The  vibration  produced  by  the  astrodome  did 
not  appear  to  be  exceaelre.  Vibratibn  measuring  aquipannt  was  not  avail¬ 
able.  The  Technical  Exhibit  does  not  set  levela  of  allowable  vibrations. 
The  Technical  Repreeenatire  feels  that  the  vibration  la  not  excessive. 
Tha  drlva  is  acceptabla  •as-is" . 
v 


3-i.5» 

The  i  ni 


iSe  initial  design  approval  included  provlaiona  for  a  door  in  the  base 
which  eliminated  the  retirement  for  steps. 

3.1.6* 


3.1.6* 

The  dom*  is  e  sandwich  type  construction  using  fiberglass  and  Dow  styro¬ 
foam  #33  (approximately  3*  thick).  The  I  factor  ia  .23  to  .28  at  1*0°?. 
Tha  doors  have  two  inchaa  of  Ovens  Corning  Aerocor  fiberglass  with  a  I 
factor  of  .285  at  7$°T. 


The  door  ccnetruetlon  is  made  up  in  the  following  order*  aluminum  akin, 
on#  #h##t  of  AlunlfcU,  ?"  flbtrflaas,  on#  shaft  of  Alumlfoll,  aluminum 
akin. 

fH«  bAS*  A#bUbf*  of  ibm  #2  Arid  3  Arid  AlfbMqtiSttt  do.ee*  H**«  Md  will  Have 
3*  of  fiberglaaa.  #1  dome  baee  haa  2*  of  fiberglass.  The  Annex  will  have 
at  least  1*  of  fibarglaas  on  all  surfaces  and  2"  of  fiberglaaa  wherever 
poaelble.  These  insulation  provisions  ara  acceptable. 


iM* 

Three 

able. 


recessed  wall  lights  and  one  reelite  ara  furnlahed  and  are  accept* 


3.2,  3.2.1,  3.2.2,  3»2.2, 1* 

OukliV  Ccntrol  personnel  would  normally  make  an  inspection  on  require¬ 
ments  in  these  paragraphs.  Thera  vara  no  Quality  Control  inspectors 
present.  Tha  Technical  Represent tiva  reviewed  material*  used  and 
practices  foil  cased.  Tha  contractor  haa  takan  precautions  to  furnish 
a  product  which  will  withstand  a  tropical  seashore  locals  with  an  aboo- 
lut*  minimua  of  maintenance  (see  note  under  drive  chain  and  sprocket 
problem  encountered).  It  ia  the  opinion  of  the  Technical  Re spra  seals tire 
that  these  requirements  were  adequately  fulfilled. 

3.2. 2. 2* 

The  contractor  ueed  electrical  :aat*rials  which  are  non-rratrient  to  fungus. 
Glass  covered  wire  waa  used  for  tha  motor  control.  This  is  acceptable. 
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hlzlzl* 

XttDjTcat 


tbrl  cation  provided  is  satisfactory. 

3.2* 3.1: 

!%«  contractor  has  exercised  great  cans  and  precaution®  to  ainisl..<s 
dews  rolling  friction,  avoid  binds  and  high  spots. 


3»3. 3.3.1* 
These  req u 


requirements  are  fulfilled. 


contractor  he*5  provided  a  product  which  indicates  good  workaaa- 
ship.  The  appearance  of  #1  astrodome  is  not  as  good  as  subsequent 
astro  done  a.  ?(*ay  techniques  were  perfected  and  problcss  solved  m 
#1.  This  difference  in  appearance  is  acceptable, 

h.2.1,  lj.2,2: 

^Sese  roqui rooasnts  were  fulfilled. 

The  seal  leakage  test  was  not  conducted  because  of  the  quantity  of  water 
involved  in  a  five  sdnute  test  on  all  seals  at  a  pressure  of  £0  pounds 
per  square  inch.  That  mount  of  water  would  flood  the  plant.  The 
extractor  agreed  to  conduct  this  test  when  loading  the  dosses  for  ship¬ 
ping.  Copies  of  the  test  results  will  be  furnished. 


U.2.U* 

fS»  dcsss  was  tracked  in  cne  direction,  then  reversed  quickly  snd  waa 
found  to  be  satisfactory.  The  test  equipmnt  available  would  not  slnolato 
initial  IGOR  tracking  rates  fro*  a  stopped  position.  -See  discussion 
under  Lag  Tests.  In  view  of  the  fact  «t  t';^  Brush  Recorder  waa  avail¬ 
able  far  oily  n  very  lisited  period  at  time  the  Technical  Representative 
and  the  cos  tractor  agreed  to  run  one  dose  about  four  hours  (alternating 
direction  each  hour)  at  8<56°/sec.  rather  than  ran  all  doses  at  5°/sec. 
for  two  bcurs.  The  test  data  will  provide  results. 

Rgyigg  or  P-gQUIRBgKTO  OF  APPIMPIC3S 


Appendix  1-1 

The  contractor  forwarded  a  revised  parts  list  to  AFfiTC  on  6  February 
i-957.  This  revised  list  includac  item  which  wore  changed  in  recent 
rxootha.  The  contractor  advised  Mr.  lyier  that  they  weald  prefer  to 

aparo  parts  procured  fro»  Hofmann  rather  than  OTA.  Mr.  Tyi&r  wax* 
■  reiolve  tiiic.  problem.  Mr.  Tylsr  was  advised  that  spare  parts  are 
■  ;tf.  *h-?  earliest  possible  date. 
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Instruction  Bcok  Kaneecript 

Tha  contractor  forwarded  tKie  it so  to  AFHTC  cgi  6  February  195?. 

Installation  Crltarla 

£o«f)lctcT  " 

Prsarjn gm 

contractor  recently  requoetod  a  deviation  froa  tha  drawing  requlre- 

eenta.  A  rsca— endatl on  of  acceptance  of  thair  proposal  has  been  made. 

Tha  following  problems  wars  encountered  during  inapacticn  end  test. 

Corrective  action  is  indicated, 

ill  Astrodomes 

(a)  Wo  locks  for  dona  doors  to  avoid  entry  of  unauthorised  p anconal 
—  corrective  actiont  add  padlocks  to  piggy  back  door. 

(b)  Wo  serial  numbers  on  astrodomes  or  thyratron  control  unita  — ■ 
corrective  action i  add  atrial  numbers . 

(e)  The  plastic  cover  over  the  convanianca  outlets  does  not  permit 
proper  engagement  of  male  plugs  —  corrective  actiont  use  natal 
cover  or  rearrange  attaching  devicea. 

(d)  Tha  piggy  back  door  corner  strikes  the  aperture  seel  when  closing 
the  piggy  back  door  and  will,  in  tine,  dnaage  the  seal  — 
corrective  actiont  Install  t**'  natal  strips  on  bottom  side  (one 
on  each  and)  of  main  dona  door  to  prevent  the  comer  of  the  piggy 
beck  door  touching  the  eeal. 

(e)  The  dene  drive  sprocket  Jumps  out  of  engageneot  vlth  tha  drive 
chain  with  midden  reversal  of  done  drive.  Every  fourth  chain 
link  is  supported  with  a  1-1  attachment.  Tha  1-1  holds  tha  chain 
away  frae  the  done  skirt  by  approx! nately  3/6*. 

There  were  no  provisions  to  hold  the  links  between  K-l  attachments 
on  the  sane  radius  as  the  link  attached  to  the  1-1,  The  sprocket 
Jumped  at  this  intermediate  point  —  corrective  actiont  edd  two 
support  spacers  between  each  two  K-l  attachments.  Aluminum 
spacers  were  used  and  are  to  be  treated  to  prevent  galvanic  action. 

(?)  The  one  dome  door  lock  crank  universal  Joint  is  welded  to  prevent 
swivel  action  —  corrective  actiont  leave  unwsldod  on  others  gnd 
break  veld  on  the  cne  already  mads. 
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Aatrodcge  fL 

(a)  tower  spertu re  seal  doe#  not  fit  proparly  —  corrective  action: 
seal  replaced. 

(b)  Piggy  back  door  rollers  do  not  engage  slot  in  door  track  — 
corrective  action:  reposition  Halt  stops. 

(c)  Do—  door  drive  shaft  bent  —  corrective  action:  straighten 
shaft. 

(d)  Holler  which  Unite  drive  sprocket  engafeaent  in  chain  hit  K-l 
attach— nte  --  corrective  action:  cut  radius  on  comer  of 
roller. 

Aatrodone  £2 

(a)  tower  Main  done  door  lock  decal  backvarda  —  corrective  action: 
reverse  decal. 

(b)  St—  as  (b)  done  #1. 

(c)  Light  switch  upside  down  —  corrective  action:  reverse  switch. 

(d)  St—  as  (c)  do—  #1. 

(e)  Synchro  transform r  drive  link  set  screw  Hissing  —  corrective 
action:  put  in  and  tighten  set  screw. 

strode— #3 

'«/  nHoTe  ns j h  ty<Mi  doer  Iwk  h**-kw*H*  --  rwreeUve  abU.bnt 

reverse  decal. 

(b)  Sane  as  (a)  done  § 2 . 

(c)  Piggy  back  door  eccentric  roller's  out  of  phase  or  alignnent  — 
corrective  action:  realign  sccsn tries. 


DKSCRIPTIOB  OF  TEST  KJUIPKHT  i,  TESTS 

<ZgE3BSCyTqi  ABSyER^nYi " IFTTfrc . 

Teat  Kquipnent 

T*T  Xstrodons  Evaluator:-  A  Poelcaa  23CX6  transKittar  synchro  end 
spotlight  projector  turntable  are  driven  by  r.  synchronous  aotor 
through  interchangeable  gears  and  gear  reducer®.  This  synchro, 
when  electric aJ.ly  connected  with  the  eynehro  trsnaforser  on  the 
done  drive,  provides  signals  for  the  dona  control  unit.  Tfrs 
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■pot  of  light  fro»  the  projector  i«  displayed  on  a  target  which 
ia  <m  the  inner  circumference  of  the  rotating  portion  of  the 
astrodome.  The  target  is  grata ated  in  1/2  and  1  degree  incre¬ 
ment*  to  16°  clockwise  and  counter  clockwise  free  a  aaro  center 
poeition.  The  output  apead  sal action  available  runs  from 
approximately  ,2°/eec.  to  20° /sec. 

(b)  Brush  Recorder t-  A  two  channel  Brush  recorder  waa  need  far 
acceleration  data.  One  synchro  transformer  rotor  lead  was 
connected  to  ana  channel.  The  seoond  channel  was  c erase ted 

to  the  plate  switch  of  tbs  thyratron  control  pmel  to  indicate 
aero  time.  A  diagram  of  the  circuit  ueed  ie  available  in 
Optica  Engineering. 

(c)  Stop  Watches t- 

(d)  Spring  Scale i- 

Teet  Procedure e 

(a)  Acceleration  Datai -  Pre  and  poet  teat  calibrations  were  recorded 
in  CW  and  OCtf  directions.  The  astrodome  evaluator  synchro  waa 
aligned  with  the  dome  synchro  to  obtain  aaro  signal.  A  two  degree 
error  wee  eat  in  with  the  evaluator.  The  saiplltude  of  Brush 
recorder  channel  1  represented  e  two  degree  elgnal.  This  procedure 
wee  followed  for  Of  and  CCW  signals  of  2,  it,  6,  8,  10,  12  and  16 
degrees. 

After  the  pre  teat  calibration  th*  synchros  vsr*  nulled.  An  sight 
degree  step  elgnal  was  eat  in  with  the  evaluator  whan  the  dome 
control  unit  plate  ewltch  was  off.  Ths  switch  was  turned  on, 
giving  aero  time  indication  and  starting  the  dons  drive.  Contractor 
personnel  reported  that  the  60  cycle  power  frequency  ie  quite  stable 
and  the  60  cycles  were  ueed  for  a  time  base.  The  channel  1  ampli¬ 
tude  and  time  are  compared  with  the  calibration  to  determine 
acceleration.  This  procedure  was  followed  for  CW  and  OCW  step 
signals  of  8  and  16  degrees.  Three  rune  were  made  in  each  direction. 

Acceleration  waa  calculated  from  S  ■  1/2  AT^. 

S  •  degrees  travelled 

A  *  acceleration  in  degrees  per  second  per  ascend 

T  -  time  to  travel  S  degrees 

7 

(b)  Velocity  Dm tat-  Three  tests  were  conducted  to  obtain  velocity 
data.  After  the  synchro  is  nulled  an  error  signal  greater  than 
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6°  was  set  Ln  an  1  he In  throughout  the  test.  This  error  signal 
wa3  started  siimii  tar.°ou3ly  with  a  stop  watch.  The  first  test 
reoresents  average  velocity  from  0°  to  360°  or  one  revolution. 

The  second  test  is  tie  velocity  for  one  revolution  after  the 
.  ne  was  at  a  maximu:..  velocity.  The  third  test  is  the  velocity 
for  two  revolutions  after  the  dome  was  at  a  maxiasun  velocity. 

(c)  Lac  Testa;-  The  dome  lap  was  observed  from  the  spot  of  light 
described  above  and  taken  fran  Brush  Recorder  records.  An 
6.6°/sec.  rate  was  provided  by  the  evaluator.  The  lag  observed 
exceeds  the  permissible  limits  of  h.S°  hut  are  attributed  to 
the  acceleration  of  the  evaluator.  A  calibration  of  the 
evaluator  indicated  that  it  reaehe*  maximum  velocity  in  a 
fraction  of  a  second  (.1  to  .2)  which  surpasses  to  a  great 
extent  the  acceleration  capabilities  of  the  IGOR  instrument. 

The  azimuth  rotating  mass  of  IGOR  is  estimated  at  approximately 
four  tons.  After  this  initial  lag  which  exceeded  the  allowable 
L.5°,  the  lag  observed  was  within  specification  limits.  A 
device  to  simulate  IGOR  acceleration  (par.  L.2.L  of  T.E.)  was 
not  available. 

(d)  Oscillation  Teat:-  Par.  3 - 1  - • 1  of  T.E.  SE/862-571B  states 
■no  serious  oscillatory  or  unstable  conditions  shall  be 
apparent  in  the  drive  system".  The  oscillations  were  visually 
observed  by  the  spot  of  light  on  the  target  described  above 
and  taken  from  Brush  Recorder  records. 

(e)  Wind  Load  Teat:-  The  Technical  Exhibit  does  not  specify  that 
the  astrodome  must  track  under  any  wind  loading.  These  testa 
were  conducted  for  information  only  and  not  specifically  as  an 
acceptance  criterion.  A  spring  scale  was  held  on  the  dome  door 
track  which  is  at  an  B.75'  radius  from  dome  center.  The  load 
was  applied  by  holding  the  load  fairly  uniformly  with  tracking 
rates. 

Acceleration  Data 

Paragraph  JITXT  of  T.E.  SE/862-571B  -  "The  IOOR  shelter  shall  be 
capable  of  accelerating  at  ten  (10)  degrees  per  second  per  second". 

Test  jfl  was  conducted  on  Dome  fl  on  2/1L/57.  On  2/15/57  Dome  #1  was 
operated  for  five  hours  at  8.6°/second  velocity  (direction  of  rotation 
was  reversed  each  hour)  to  observe  possible  degradation  of  performance 
after  this  extended  run.  This  extended  run  was  conducted  on  #1  and 
waived  on  danes  #2  and  #3-  Test  #2  was  conducted  on  fl  immediately 
after  the  five  hour  teat. 
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Test  §3  was  conducted  cn  done  #?  on  2/llj/5?.  The  azimuth  oil  seal 
was  filled  with  SAE  flhO  oil  to  determine  possible  degradation  of 
performance  because  of  heavier  oil.  After  these  tests,  the  blocks 
were  placed  under  the  drive  chain  to  prevent  drive  sprocket- slippage. 

Teat  fh  was  conducted  on  dome  #2  on  2  A5/57. 

Test  fS  wes  conducted  on  dome  #3  cn  2A5/57. 

MOTES:  (1)  Teste  2,  U,  and  5  were  conducted  with  the  astrodomes 

operating  aa  fieldworthjr  units  with  known  deficiencies 
corrected. 

(2)  Data  on  the  fiva  series  of  testa  dascrlbed  above  are 
Attachment  fl  (L  pages). 

Telocity  Date 

Par.  3.1.0  of  T.E.  SE/P62-571B  -  *ftie  maximum  tracking  rate  of  the 
IGOR  shelter  shall  be  ten  (10)  degrees  per  second.* 


5<*»  ft 

C V  Time 

Velocity 

CCV  Time 

Velocity 

Teat  #1  -  0  to  360° 

16. sec. 

l9.(»!>0  sec. 

16. 0  sec. 

20o  sec. 

Teat  #2  -  360°  rota¬ 
tion  after  reaching 
top  speed 

15.1*  sec. 

23.ii°  sec. 

15.1  sec. 

23.(j°sec. 

A 

Test  §3  -  720°  rota¬ 
tion  after  reaching 
top  speed 

Dome  #2 

32 .0  sec . 

22.5°  sec. 

28.7  sec. 

25.1  etc. 

feat  #1  -  0°  to  360° 

15  sec. 

2(*°  sec. 
26.6°  sec. 

11.5  sec. 

2I4.80  sec. 

Teat  §2  -  360°  rota¬ 
tion  after  reaching 
top  speed 

13.5  sec 

12.0  sec. 

30°  sec. 

Teat  #3  -  720°  rota¬ 
tion  after  reaching 
top  speed 

Dome  (3 

27.0  sec. 

26.6°  sec. 

2(4.h  sec. 

29. 5° sec. 

Teal  7l  -  0°  -  360° 

16.2  sec. 

22.1°  sec. 

16.2  sec. 

22.1°  sec. 

Test  f2  -  360°  rota¬ 
tion  after  reaching 
top  speed 

13.3  sec. 

27.1°  sec. 

12.0  sec. 

30°  sec. 

Teat  /3  -  720°  rota¬ 
tion  after  reaching 
top  speed 

27.6  sec. 

25.9°  sec. 

2iw0  sec. 

30°  sec. 

) 
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Lap  i  Oscillation  TMts 

Dew*  fl 

TRe” asTrodome  evaluator  set  in  a  rat*  of  8.6  /sec.,  the  dose  was 
operated  from  0  to  360°  W. 

I*. 5°  lag  occurred  at  1.1*  sec.  and  stopped  at  2.68  sac. 

(duration  1.28  sec.) 

Total  Oscillations  -  lit 
Tine  for  360°  -  1*1*  sec. 

Ore rs hoot*  -  2 


Dow*  #2 

the  astrodome  ervaluator  s*t  in  a  rate  of  .88  /a«c.,  th*  dome  was 
operated  fro*  0  to  30°  Ctf,  then  0  to  30°  COf. 


f i  r*t  Lag 
Ha*  ibuji  Lag 
Oscillations 
frmwsi  t&*'  from  0- 


c.w. 

'HP 

1.6° 

6 

31*. 5  sec. 


C.C.V. 

yg— 


2,7° 

5i 

3li.  5  sec. 


The  astrodome  evaluator  set  in  a  rate  of  8.6°/eec.,  th#  dame  was 
operated  fr or  0  to  360°  Ctf. 


.„.t&  . ag  occurred  at  .533  sec.  and  stopped  at  1.766  sec. 

"duration  1 . r 3 3  sec.) 

Total  Oscillatlona  -  11 
Time  for  360°  -  1*2  sec. 

Overshoots  -  2 


The  astrodome  evaluator  net  in  a  rate  i»f  12.7°/**c*>  the  dome  was 
operated  0  to  360°  0 OS. 

...5°  lag  occurred  at  .65  sec.  and  atoppad  at  3.016  sec. 

(duration  2.336sec.) 

Total  Oscillations  -  10 
Time  for  360°  -  2R . It  sec. 

Overshoots  -  \ 


Dome _#3 

’’He  astrodome  evaluator  set  in  a  rate  of  P.60/sec,,  the  do*»  was 
pe rated  from  0  to  180°  Oi. 

it. 5°  la?  occurred  at  1.316  sec.  and  stopped  at  2.1*5  see. 

(duration  1.131*  tec.) 

Total  Cfcjri 1 ’ ations  in  180°  -  6^ 

Time  for  IPO1’  -  ?l.P  nac. 

0ver3hoota  -  1 
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The  setr-dm*  evaluator  set  in  *  rate  of  B.6°/scc. ,  the  dene  was 
operated  fror  0  tr  ii0o  CCW 


P. 5°  lag  recurred  »t  .90  sec. 
(duration  .62  see.) 

and  stopped  at 

1.6  sec. 

Total  Oscill v ions  m  100°  -  - 
Time  for  10Cc>  -  21.3  sec. 
Overshoots  -  1 

Wind  Load  Testa 

Preliminary  teats  revealed  that  all 

three  domes  performed  similarly 

under  various 
recorded  frost 

loadings  at  different 
astrodome  jf3. 

velocities. 

TypieaJ  data  were 

The  ^valuator 

put  in  a  rate  of  .2  and  0.6°  sec. 

Load 

Lag 

Rate 

Direct!  on 

Applied 

Range 

.2 

(V 

20  lbs. 

7W-T 0 

•  € 

CCW 

.*0  lbs. 

2V>- 3° 

.2 

cw 

itO  lbs. 

.2 

CCW 

L0  lbs. 

?f-3*c 

.2 

cw 

50  lba. 

.  2 

CCW 

50  lbs. 

3°-3?c 

.2 

cw 

00  lbs. 

2f-3f 

2*0-3i° 

.2 

CCW 

*0  lba. 

0.6 

cw 

30  lbs. 

2}°-h° 

0.6 

ocw 

30  lbs. 

2yo-L0 

0.6 

cw 

50  lbs. 

3°-6° 

0.6 

ocw 

50  lbs. 

3°-6° 

Conciueions: 

Astrodomes  #1,  2  and  3  are  acceptable  when  changes  discussed  herein 
are  completed  and  upon  satisfactory  results  of  seal  leakage  tests. 
Astrodome  dries  control  uru  ts  §2  and  3  are  acceptable.  Astrodome 
drive  control  unit  #1  must  be  checked  by  the  contractor  to  determine 
reason  for  low  CCW  acceleration,  corrective  action  takan,  and  unit 
shipped  to  AFTfTC, 

Recommend at i on  j 

TTTT  rec Orman- ted  that  the  A.CO  take  action  as  indicated  in  conclusions 
above.  The  #1  control  unit  may  be  shipped  separately  within  three 
weeks  of  astrodome  shipment.  Astrodomes  #1,  2  and  3  are  to  be  shipped 
together. 


G.  5.  Cope 

Technical  Representative 
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SCBJTCT:  DOOR  Astrodome  Tests  Contract  A?08 ( &>6 ) -1212 


The  Alfred  BofMasn  Coapeay .,  Murfreesboro,  Tesaasscs,  cssfeaetod  eat ©r 
spray  teste  on  So.  1#  2  aod  3  IQO®  Astro-Seaes.  To#  fsilertag  r-.^.rt 
which  vm  certified  by  e  Botany  labile  ra  sufesiir^  to  the  Technical 

Repreeentet  Ire  : 

?Bd.s  Till  certify  that  oa  March  5,  195?  ®ad  Jfereh  8P  195?  !§»? 
Do—  #1001,  1002  aod  1003  were  «d>jeeted  to  water  test  os 
follows: 


All  doors  sere  locked  shot  sad  a  tree*  of  T«t «r  free  feww  ans- 
rle  mi  played  on  dons  from  different  series  directly  m  s®al® 
for  a  period  of  fifteen  alaetes . 

Results  i  So  leaks  sere  observed  around  any  of  the  door  seels . 


The  eater  pressure  at  aossle  eas  cut  does  to  sire  mxLasJsa 
pressure.  Fuape  delivering  water  set  oa  60  lbe . 

Dsoe  #1001  eae  tested  March  8,  1957* 

Dome  #1002  and  1003  were  tested  Marsh  5,  195?-” 


The  So.  1  Dome  control  unit  was  inspected.  Has  following  inforaatigai 
deecrlbes  ooedltloe  found  and  action  taken: 


a.  Biases  as  found  when  unit  first  tuned  on: 

Zero:  82  1.2  volts  posit  Ire  with  respect  to  81 
DC  bias:  K1  32  rolts  positive  -zrith  respect  to  01 

12  25>5  volts  positive  with  respect  to  CE2 

AC  Biss:  81  21  valts  res-  to  ®t 
82  20  volt*  rsa.  to  02 

b.  Replaced  fb  with  ssw  fey?  and  pat  in  t«o  tfeyrstsoas  SL  ?10/601I. 


c.  FissO  Bias  Ad^ustanorta : 

Sot  ic  voltage  bwtvswes  f'l  ssd  32  to 
AC  1*a  t  31  I?  volts  ts&*  to  tSI, 

62  19  volte  .  to  ©2 


zi  5* 


valts  positive  with  resp&ct  to  31 
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EXHIBIT'  VI 


The  following  agreements  are  hereby  entered  into  by  Air  Force 
Missile  Test  Center  and  Oerlikon  Tool  &  Arms  Corporation,, 

lo  The  proposed  method  of  improving  the  Astrcdosia  oil  seals  so 

that  they  meet  the  requirements  of  paragraph  3,1, 3,3  of 
Technical  Exhibit  SE/862-571B  shall  be  essentially  aa  follows. 

The  device  will  consist  of  a  rubber  sheet  of  suitable  composition 
to  withstand  weather  conditions  at  a  seashore  location  and  flexing 
when  the  seal  is  opened  to  tha  non-seal  condition 0  The  rubber 
sheet  will  be  of  sufficient  width  to  come  down  oyer  the  octal  skirt 


around  the  upper  rotating  section  and  to  extend  in  against  the  lower 
base  section.  The  sheet  will  be  folded  and  will  enclose  in  the  fold 
a  rubber  bungee  cord,  and  the  edges  will  be  placed  together  and  held 
tightly  against  the  aluminum  angle  at  the  lower  edge  of  the  upper 
rotating  section  by  means  of  the  metal  skirt  and  screws.  In  opera¬ 
tion,  it  will  be  necessary  in  order  to  open  the  seal  to  pull"  the 
rubber  sheet  and  bungee  cord  out  away  from  the  lower  base  section 
and  up  over  the  metal  skirt  on  the  lower  edge  of  the  upper  rotating 
section.  Suitable  means  shall  be  provided  to  initiate  the  manual 
opening  of  the  seal  without  damage  to  the  seal  or  dome  and  a  method 
of  preventing  the  seal  from  returning  to  closed  position  during 
periods  of  operation  shall  be  provided,,  The  design  shall  be  essential¬ 
ly  as  shown  In  the  attached  sketch. 


2.  Oerlikon  shall  furnish  three  (3)  of  the  above  described  rubber 
seals  and  shall  perform  installation  of  these  seals  on  Astro¬ 
domes  Nos.  4,  3,  and  S, 

3,  Upon  installation  of  the  rubber  seals  on  Astrodomos  Nos.  4,  5, 
and  6,  Air  Force  Missile  Test  Center  will  accept  these  units 

nuri  the  Contractor  shall  not  be  liable  for  any  further  change  or 
modification  to  the  Dome  seal. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


